Abstract Attempts were made to test the validity of the general view that inferotemporal lesions in monkeys do not result in a visual acuity disorder. It was found in the first experiment that monkeys with total removal of the inferotemporal visual area (TIT monkeys) showed a significant elevation of the discrimination limen for visual patterns of reduced sizes even when compared to monkeys with removal of lateral striate cortex (LS monkeys); yet in a food-morsel (raisin) detection test the TIT monkeys performed as well as normal monkeys, although the LS monkeys showed significant deficits. A second experiment was conducted, in which the same subjects were tested with the same patterns as in the first experiment but with the stimulus background changed from the square used earlier to an enlarged disc. While both normal and LS monkeys performed this task easily, the TIT monkeys could not learn the discrimination within the training limit of 1,200 trials. The results suggest that such a marked elevation of the discrimination limen in the TIT monkeys as found in the first experiment is not attributable to a visual acuity disorder, but is explained as due to an impairment of the pattern perception mechanism.
and BAILEY et al. (1950) . The inferotemporal visual area newly defined is thus much wider than presumed previously, because only area TE had been considered as the visual area (CHOW, 1951; MISHKIN, 1954; MISHKIN and PRIBRAM, 1954) . No one has yet tried to determine whether removal of the total inferotemporal visual area affects visual sensory function. Such an investigation would provide a more sensitive test of the earlier proposal, for a true sensory loss that might go undetected in a monkey with a partial lesion could well become manifest after a complete removal. If impairments were detected by some kinds of visual sensory tests, it would weaken the prevailing view that the inferotemporal cortex is concerned with visual perception or learning.
In order to pursue the above question of whether the inferotemporal cortex is involved in visual sensory function, the first experiment examined the effects of total removal of the inferotemporal visual area (TIT lesion) on performance of two different visual acuity tests. One test was a food-morsel detection test which required detection of a small piece of food. This test is readily performed by normal monkeys, but is sensitive to the loss of visual acuity produced by geniculostriate damage (KEATING and HOREL, 1972) . The second test, which was based on the visual acuity measure used in the clinic, was to determine a visual discrimination limen for patterns of reduced sizes. If monkeys with TIT lesion (TIT monkeys) showed impairment in both tasks similar to that seen in monkeys with striate lesions, it would be concluded that TIT monkeys suffered an impairment in acuity. As will be described below, the TIT lesion yielded contradictory results in the two tests. A second experiment was therefore performed in an attempt to resolve the contradiction. The same subjects were tested with the same pattern as in the first experiment, but with the stimulus background changed from a square to an enlarged disc.
EXPERIMENT I Methods Subjects. Nine experimentally naive monkeys (Macaca mulatta) weighing 3 to 4 kg at the beginning of the experiment were used. They were divided into three groups of three monkeys each, matched on the basis of their preoperative learning scores in the standard pattern discrimination (Table 1 ). These three groups were then given either a total inferotemporal lesion (TIT group) or a lateral striate lesion (LS group), or kept as unoperated controls (UNOP group).
Apparatus. Testing was conducted using a Wisconsin General Testing Apparatus (WGTA) inside a darkened, sound-shielded room. The test tray was placed at the level of the cage floor. The tray used for the food detection test had two painted figures of a raisin, each about 10 mm in diameter, spaced 28 cm apart and 20 cm in front of the vertical bars of the test cage. The food cue was a small, squeezed, and thus relatively thin, raisin of less than 10 mm in diameter. 
Histological results
Lesions. Reconstructions of a representative lesion from each group and cross sections through the lesions are illustrated in Fig. 2 . In general, the locus and extent of the lesions conformed to the experimental plan, although occasionally they turned out to be slightly larger than intended. In the TIT group, the main variation was in the extent of damage to the ventromedial border, some of the lesions extending a small distance beyond the occipitotemporal sulcus into the fusiform gyrus. In the LS group, there was sometimes a slight invasion into the ventral OB area beyond the OC-OB border. Also, in Monkey 14 from the TIT group, the posterior half of the lesion on the right side invaded the superior bank of the superior temporal sulcus.
Retrograde thalamic degeneration. The findings on retrograde degeneration in the lateral geniculate (LGN) and pulvinar nuclei are also illustrated in Fig. 2 . Severe retrograde cell loss, cell degeneration and gliosis were seen in the LGN of all the monkeys in the LS group, and this degeneration was well localized in the central sector of the posterior half of the LGN to which the foveal and macular areas of the retina project (MALPELI and BAKER, 1975) . On the other hand, in the TIT monkeys degeneration and gliosis in the LGN were observed only sporadically. This degeneration, slight to moderate in degree and seldom seen in the foveal representation area, presumably resulted from minor damage to the optic radiation.
Retrograde degeneration and gliosis were also seen in the pulvinar nucleus of all the monkeys in both TIT and LS groups. Again, the loci, extent and severity of retrograde changes within the pulvinar following these two lesions were different each other. In the TIT monkeys, moderate or occasionally heavy degeneration and gliosis were well localized in the ventrolateral part of the lateral pulvinar, andslight to moderate changes in the ventrolateral part of the inferior pulvinar and in the caudal part of the pulvinar (caudal pulvinar). On the other hand, in the LS monkeys, slight degeneration and gliosis were seen mainly in the dorsolateral part ofthe inferior pulvinar, slight or negligible changes in the rostrolateral part of the lateral pulvinar and no degeneration in the caudal pulvinar. No retrograde change was observed in the medial and oral pulvinars of any of the subjects of either the TIT or LS group.
Behavioral results
The behavioral results obtained in Experiment I are presented in Table 1 , and are summarized in Fig. 4 .
Raisin detection. Preoperatively, none of the subjects ever failed to detect the small raisin. Postoperatively, all three monkeys in the LS group (LS monkeys) showed a significant impairment (p<0.05, Mann-Whitney U-test; MANN and WHITNEY, 1947) . After a small number of retraining trials, however, they again performed well. Their average score for relearning was 27 trials and 6 errors. On the other hand, 2 out of the 3 TIT monkeys performed perfectly, while the third showed only a slight deficit. The group mean score for relearning was 3 trials and 1 error (p>0.50, U-test). It may be concluded, therefore , that performance on the raisin detection test was impaired by ablation of the lateral striate cortex, but not by total removal of the inferotemporal visual area .
Standard pattern discrimination. Preoperatively, the monkeys learned the standard pattern discrimination with an average score of 128 trials and 62 errors . The scores were representative of those obtained from a total of 45 monkeys in our laboratory. The monkeys in the UNOP group (UNOP monkeys) retained the previously learned habit perfectly after a rest period of about 3 weeks . The LS group also retained the habit extremely well, scoring an average of only 3 trials and 1 error (p>0.20, U-test). The TIT group, however, required a large number of trials to relearn, the average score being 1,543 trials and 576 errors (p<0 .05, U-test). Monkey 14 showed a long-lasting positional response in approximately 2,000 trials, which may account for its particularly high relearning score. In contrast to the findings on the raisin detection test, then , it may be concluded that pattern discrimination was impaired by removal of the inferotemporal cortex and not by ablation of the foveal and macular representation areas in the striate cortex .
After relearning, all the subjects were tested for retention of the discrimination following a rest period of more than 3 weeks. All retained the relearned habit perfectly (Table 1) .
Discrimination of patterns of reduced sizes. Prior to threshold determination of the pattern discrimination, the subject was tested with the standard pair of patterns. Figure 3 indicates the scores obtained on this standard pair in each subject . They are plotted against days after the first trial of test . All monkeys attained the criterion within the first test block without any additional retraining trials . The average performance levels for the TIT, LS and UNOP groups were 97 , 98 and 99 %, respectively. Thus, during the limen testing the performance levels of these three groups in the standard pattern discrimination did not differ.
The visual discrimination limens for patterns of reduced sizes are indicated in the right-hand columns of Table 1 . It may be seen that from the start of the testing run, all UNOP monkeys could discriminate at least the second smallest pair (2/8). In the first run, two of them failed to discriminate the smallest pair (0.8/8), but they succeeded in the very next run and maintained this ability through- out the remaining tests. Thus, their median score on the repeated determinations was 0.8/8. The LS group obtained a median score of 2/8, ranging from 5/8 to 0.8/8, whereas the TIT group obtained a median score of 5/8, ranging from 6/8 to 2/8. All the group differences were statistically significant, the TIT group differing significantly from both LS and UNOP groups (p<0.05, U-test on median scores) and the LS group differing significantly from the UNOP group (p<0.05, U-test). The TIT monkeys were given the limen test 5 or 6 times over a 2-year period. Initially they were able to discriminate only the largest test pair (6/8), but they discriminated patterns of slightly reduced sizes on the last testing run, indicating that the discrimination ability for patterns of reduced sizes was slightly but significantly improved as the training was advanced (p<0.05, U-test on scores of the first and last runs).
EXPERIMENT II Experiment I established that the discrimination for patterns of reduced sizes is more severely impaired in the TIT group than in the LS group, whereas the ability of raisin detection is significantly impaired in the LS group but remains intact in the TIT group (Fig. 4) . These findings are difficult to interpret inasmuch as the two tests used in Experiment I are considered to concern visual acuity. The major problem of interpretation concerns the results obtained with the TIT group, since the LS group showed moderate deficits in both kinds of acuity measure, in keeping with the results of many other studies on the effects of lateral striate lesions (WEISKRANTZ and COWEY, 1963; COWEY and WEISKRANTZ, 1967;  and also see reviews by MISHKIN, 1966; GROSS, 1973; WEISKRANTZ, 1974) . In the case of inferotemporal lesions, however, clear-cut sensory losses have not been reported before. The present results, which were obtained from the two acuity tests, appeared to be contradictory. Two questions might therefore be raised. The first concerns the reliability of the discrimination limen deficit. Although the finding was repeatedly confirmed, each value of the discrimination limen was determined on the basis of a limited number of testing trials as small as 30. It could be possible that the TIT monkeys would have performed at the same level as the UNOP monkeys, if they had received more trials in each run. The second question concerns the validity of the discrimination limen test as a measure of visual acuity. The second experiment attempted to answer both of the questions above. For this purpose, with the limit of training extended up to 1,200 trials, all the animals were trained to discriminate pluses and outlined squares which were of the same size as the standard pair in the first experiment but mounted on enlarged disc backgrounds. We will refer to this discrimination task as the variant pattern task, in distinction from the standard pattern task of Experiment I.
Methods
Subjects and apparatus. All the subjects were the same as in Experiment I and the apparatus also were the same.
Discrimination tasks. The animals were tested with two tasks, a color discrim-ination and a pattern discrimination. In the color discrimination red and blue paper squares, each 5.0 cm in side length and pasted on a dark-gray cardboard disc 17.0 cm in diameter, were used. The size of the colored square was the same as that of the white square used as the standard negative stimulus in Experiment I. The pattern discrimination was made using pluses and outlined squares which were the same in size as the standard patterns of Experiment I, except that these were pasted on cardboard discs which were the same size as those used in the color discrimination (see bottom of Fig. 5 where stimuli used in Experiment II are illustrated). The ratio of size between the pattern and the background was equal to that in the pair 4/8 used in Experiment I. This ratio was chosen because it was the largest ratio in the first experiment that the TIT monkeys had often failed to discriminate. In fact, the average correct performance levels of the TIT group for the pairs 8/8 (or standard), 6/8 and 4/8, across all testing sessions in Experiment I, were 97, 82 and 67 %, respectively. Testing procedures. The testing procedures were the same as those employed for the standard pattern discrimination in Experiment I. In the color discrimination, the red stimulus was positive, and the blue, negative. The subjects were trained with raisin rewards to reach a criterion of 27 correct choices in 3 consecutive blocks of 10 trials each. In the pattern discrimination, again, the plus sign was positive and the outlined square, negative. The animals were trained to reach a criterion of 90 correct responses in 10 consecutive blocks of 10 trials each. In each discrimination 30 trials were carried out a day by the simultaneous noncorrection method. In the pattern discrimination, the animals were first tested with the standard pattern task and then with the variant pattern task. This test sequence was repeated twice, with training for the variant task being discontinued after 600 
Results
Color discrimination. Although all the monkeys experienced the color discrimination for the first time, they learned this task quickly (see Table 2 ). Among the three groups, the TIT group showed the worst mean score (200 trials and 73 errors) and the UNOP group, the best one (47 trials and 16 errors), but the difference between these two groups was not significant (p>0.05, U-test).
Pattern discrimination. The results are shown in Table 2 and Fig. 5 . All the subjects performed the standard pattern task immediately, indicating perfect retention. In the variant pattern task, all the UNOP monkeys again attained the criterion within the first 100 trials, indicating perfect transfer from the standard to the variant task. Two out of the three LS monkeys also showed a perfect transfer, though the third (Monkey 70) required 460 trials and 93 errors to learn. On the other hand, all the TIT monkeys failed to perform the variant pattern task (Fig. 5) . Monkey 45, whose discrimination limen found in Experiment I had been slightly lower than the others', obtained a score of 83 % in the last 100 trials, and so was close to learning; but the two others maintained a chance level of performance (56 % in Monkey 14 and 61 % in Monkey 54). This failure of the TIT monkeys even after 1,200 trials was unexpected, since nearly all the animals in the other groups showed a perfect transfer. The results imply that for the TIT monkeys the variant pattern task was qualitativity different from the standard pattern task and thus they had to learn this variant task as a new discrimination. Vol.29, No.6, 1979 disappeared. In fact, they behaved as though they were being trained on an entirely new task although the monkeys in the other groups showed a nearly perfect transfer . Initially, the discrimination limen test for patterns of reduced sizes was introduced to examine visual acuity. Ordinarily, if the pattern perception mechanism is intact, the discrimination limen for patterns of reduced sizes may be a valid and sensitive measure of acuity status, as may have been the case with both LS and UNOP groups. According to the present interpretation, however, this test is not appropriate for measuring visual acuity function in the TIT monkeys, since their pattern perception is not intact.
The nature of the impairment following inferotemporal lesions is still highly controversial. In this paper, a certain behavioral deficit has been interpreted in terms of a disturbance of pattern perception. However, this does not imply that the inferotemporal cortex is involved only in the mechanism of pattern perception. Rather, we assume that the inferotemporal cortex is involved in many processes of high-level visual function. IWAI and MISHKIN (1968) and GROSS (1970) have demonstrated that the function of the inferotemporal cortex is not a unitary one; the anterior subdivision of the inferotemporal visual area (area TE) is closely concerned with visual memory or visual association, while the posterior subdivision (area PH or TEO) is involved instead in visual perception or selective attention. The present findings, therefore, may reflect mainly damage to the neural mechanism served by the posterior inferotemporal cortex, though the total inferotemporal visual area was removed.
